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High-accuracy digital speckle correlation method for rock with dynamic fractures
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Abstract: The digital image correlation and the calculation of correlation coefficient are the basic principle and the key
algorithm of the digital speckle correlation method (DSCM). The image block correlation near the fracture zone will change
much before and after the occurrence of cracks in the rock specimen. So the common image block construction method using
the measured pixel point as the centre of image block will cause many errors. In order to solve the problem, a simple and
efficient method named OP & FB (One pixel point and five pixels block) is put forward to eliminate the fracture impact, whose
function has been implemented by coding in the self-developed software package Photolnfor. The application results in axial
compression for rock with two holes show that (1) the OP & FB method can solve the deformation measurement problem and
increase the measurement accuracy for the rock with dynamic fractures induced by compression; (2) the OP & FB method can
be used as a general high-accuracy method in DSCM for materials with or without dynamic fractures; (3) the relation between
the fracture evolution and the axial load of rock specimen during axial compression is obtained, and local big shear strain
occurs near the peak load while the critical damage of rock mass structure arises approaching the residual stress stage; and (4)
the DSCM with OP & FB method can obtain the relation of the deformation on the wall of hole within the rock specimen and
the crack information of surrounding rock mass. So it will provide powerful tools for establishing a forecasting technique for
internal rock mass crack by measuring the displacement of the wall of the hole, and it has obvious meaning in the monitoring of
tunnel engineering construction.
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Fig. 1 Principle of digital image correlation analysis
2k+12k+1

D 2 (X y)xu(x,y)

R, = 2k+12):i = 2krlokel - @
Jz S yix S Sty
x=1 y=1 x=1 y=1
KA, Ry NEHE S ZIA B b G R R
B, vi(x,y) NIBEE S IIE R RGB BUAfE, u(x,y) N

S 5 15 % RGB Bifl, 2k +1 G ERIMKak
Be, BACNBE, PB1, 2, 3, 8% RGB 1 3 M
. (FE: mEMKRIEXNR, G, B =AHiE
RIS B AR, RIERFIIMED

;

3 B =

2 WFHNEXEER “—=AaR”
2.1 BBREEREGIHES 4

BRI, SR AR RS R SR
HEE, (TR 0 TAE T, BRSEBR AT
R4, R, TR, X F—ARHE X
WA — B, UK, AT LMBE H A



1062 et

+ TR ¥ il

2012 4E

S EANARR, B, AR R N BRI B A 2 A
FEARIO I 2 s R, KPR, 2R R
ARG 4 FRATE . XA Ry N — AT R
FHRAL R SRR O Bt 14K 45

\\/’E“ﬂ

b A

/f;m

B 2 SHFEHES R 4 FEHER

Fig. 2 Simplified patterns of local rock fractures
2.2 BEGHEXRR “—RIR” X

FEHCFHPEE R, QR R 4k

A R, B 1 PURKERINE R EE A (P
M P Ayt BRI, KR (REARZN
“— a5 VLB OP & OB %) fEH% %% i = E 3
By b TR RS I TR (R R Hg 2R
PR, W 3D, Bl 1% s A DR B ™ A i
JE I EGAH SR B R BEAR,  SBUR T BUR xS R H
TEI R BRI 56 SR LA T A 2, DT 7 AR A T B
FRRE B iR 22 L B R

a e r(ae

205k iR R4 ER

i

TR

B3 HXUEBERR “—a—R” WEFH%E
Fig. 3 OP & OB method for DSCM

SR, AF4IUEEE 3 JE T AR, N —TF
BRI ERTTE, X — BRI 7] fg. w4
(b) P, “— 37 SRAERBR AT S AN mT i A
SRR, T R R P S B B i)
A T ARF S A MR R 1AM, RIS R
Pt e, fEL. Ry A A 4D SRR
F 1A R ERSE (K4 (c), MM
FHOCPETH B ] DL R BRI 5 o 7ESERR 7 Hr s i
THEARTERB B, X TAE AL T 2R T Y
Mo A EBRRAETT R, BF, wEAEA
i C— B fENM S ME R, DS “ BT
fev A 75 ANTIAL, SREMT AR S,
K5 s, NI, AN “—mTi” (OP
& FB, HJl One pixels Point and Five pixels Block) .

AR5 AR R T AR DXk BB S A
RIE, R T AR B DX e e A 2R A A
KA TE 5 . Wl 6 Jizs, {E Photolnfor £ g
AR5, ATAERGI T SR E T Ak “— A
T i GREGRBIED JEDRIAT .

¢ By
e
P Al e
1 ;_;5‘ N

Ab)

i /mmﬂJEpla\p

20 0 85 0 4 (X LWEQ
(a)

S mm kK
(e

E 4 ZEMITIGRRTERETSE
Fig. 4 Different methods for constructing pixel block for DSCM

HEE TR e SRS
o N
a2 e
P ;_ﬁ Pk
BYRER FinfRasn \

Bl 5 HEXTEGRER “—m IR 1R%
Fig. 5 OP & FB method for DSCM

TRM BT REM AXM BAT WIS LA 2k WA
S Hl R AR B P@ WAL WV

6 Photolnfor fr— = AR SETHEEIE TR

Fig. 6 Implementation of OP & FB method in Photolnfor
2.3 “—RAR” ENTEREREIE

KHAFEAER 7, HE 7 TEREE, “— 8
T VLR B SRR AR R X A A R L
FIA N FERRIIT, “— 37 iR A I H 3
TH (WK 7 (@ EBSRRAEN D, T “— s
PRk T IRAT A G 1 DRI A F) RUGAH GV R
MNTERAS 1 HEAfR I 45 2R



10631

ZEIiE, S S AN R RN R R T O S B T ik

B 7 R, “— B AL IR A B AR
MRS T 7 T AR R0 . e T BEAH
MG R B IR 7 A B A A, [RITE
3N ARSI AS R B RN J5 vk I 45 R AT RE A 5
S, (HERAZMR N NIIEIX —HEW, 55
F— AR HESER I CReT= HEAH R0 B B 7K
NiRSFR ), %48 9 NS (LI 8), SRA 0.1 8K
WAZTCH TR, X “— M A R AR = HT
5 PG IVEAT T BT T, TFHEER, 4R
(R D FFEMEW, BN T IX—J7k0a 2ok
A IERRE -

''''''

o by

(a) “—gi—4" 3%

TN WA WO VRN AT aNW TAINT *RA T
BH AT AP VNI . v

E7 “—mAR” ERIRAIBER
Fig. 7 Comparison between OP & OB and OP & FB methods

AN S SR Mo BAR 30w IAM wEL WOM ¥Be
DFEEO BN QLA AP VWL Ay =
¢ ey e . " weme T

FrocPTIES) Jem) Yy
Pl TENonmy #

oo [

TR e
RN st it
EEHN 1 SERe
LS L BT

hNER naw
v TS urm

.
BRALE T e

TraatTINT fne boy CMGLED ginale) A T

B8 “—mAR” FERENDIZE
Fig. 8 Validation points for OP & FB method
— MR UL, DSCM s BE AN EMR 3 Hrid B —
XN JE, —LeR R AR, EIRR e B
HOIE NS E] o R, — TR AR R R L Y
I, e TSR A N A (8 452 A B 1) RE RS2 1 e

FEAARITH SNV AEATIAEE T, AN R0 ACH8ORT P o AR
TCH R “— f B A “— 7 R4
Xof TSR IR E] 5 AE T B O 2R LA 9.

ATLVEH, 78 LBFEM 0.0 G RBT, WS
£ 1000 PAP, “— i SR KA v S A 4y
BT L) 3.89 5 A 1.65 fif, XANHLAATESLFR
[ H o e 4 n] DL I, B R 7 i BT SRR
fHo XIT 0.1 BERMILRIETE, LA E AR,
Fe RN AZ TTIE R I, FE TR AR, iR — AT
Huoy k80 i A B BT A BT S B E A

1 —REER EMNSMBITESE (BA: &R
Table 1 Comparison between OP & FB and normal methods

; bliiked
WE o 1 H2 3 P4 5 s
1 9.6 9.7 9.6 9.6 9.7 9.7
#2 9.6 9.7 9.6 9.7 9.6 9.6
#3 9.6 9.6 9.6 9.6 9.6 9.6
i 9.7 9.7 9.7 9.7 9.6 9.6
5 9.6 9.6 9.6 9.6 9.6 9.6
6 9.6 9.7 9.7 9.6 9.6 9.6
#7 9.6 9.6 9.6 9.6 9.7 9.7
8 9.6 9.7 9.6 9.6 9.6 9.6
#9 9.6 9.6 9.6 9.6 9.6 9.6

T R 1~5 XTRE 5 R R B T .

i B UL, (&1 9 RERT Al EE P BI R A —
R FIE RS R Sbr b, - NEBESI,
DI VLI E], - — R AN 7 B P By B R 4
WP R %, RS ER RN ER R
B A ZRARE X, R T M A0 1 A ) B 4 R < — Rl T
BNEEABUMRZE .



1064 Ho*

2012 4E

700}— —a— LOER A
—o— LORE “—fifsk"
600 - —— 0 A"

3
ik
#
#*

BRI /s

%00 200 300 400 500 600 700 800
i
() #0303 EFILI )
adr

—m— 1.0
40} —e— 010X

6}
32¢

281

=

B (1] oA

24}
20+

l.é-'__.__———'— - —
14

R
(b) 5 By 2k O B R S SR (]
B9 “—mAR” ERITERELR
Fig. 9 Comparison of image calculation time between OP & OB
and OP & FB methods
gE BTk, “— R VAW LUA RER mah AR
B A B - BORE A SS TVE AR TR BERG R, AT O
E 7N T2 H AN S — 2 XS LT S AR A S
FE48 5 A T BOAZ TR 55 R S L0 285 SR A EAf 1 5 ]

ET

3 NA: a¥flahRimESELE
3.1 WAL

SR SEE MTS Aw] MTS815.02 2 HL i frl ik
FHARIERR RS, R RS, MmN
#IHZ N 0.002 m/s, K JE B E8800 HhLAHAL (800
TG EYHER) FPi% 200 W HHE A 4UT (K 10) 5
gL AR AT BUR RS

WTSEISEURHL

E 10 HFRELTHENLE RS
Fig. 10 Photogrammetric system for rock compression tests
3.2 MRS
R B OREE, WFK%)5E 5 10 emX 10
cmX10 cm, HAEAVIRIVUIN TIHEFLHEm M. X
PEANELS LR RSF Il 11 s

B 11 sARHREFREE
Fig. 11 Rock specimen and scale ruler

NI TRER AR, EAEET N LB, REERE
MTS815 Wi S H KBRS, B LI
LS TG, Abre BURLLE], RS 1 iE iy,
FEI AR R E 8RR R, R R LB Dy 0.067
mm/pixel, fxfa, FEHAALFLEERE 0.05 mm fHEE—ik
Wh, BEERAIR.

X BRI — N, BRI I AR b — e B gk
R GE I AR B B BBl sk, anfliial frAS . gk
THOL A AT 55 R A IR AT DAL 3 (i AR
AMEEE. ZidsA iR E ST, ARE
NILAds, B2 E Rk B S5 Ee B B RS
R, DM S0 Aok RS A AR T 8 I 45 SR HEAT BT
AT
3.3 LR

(1) fardAhre ok R ih 4

A Rl s 4 T R R B T AR A 0% AR it e 1A
12 fvs. B 12 el AR H, S LIRS AR
IR T - AR TR AS AT BLRI 70 A s 5 AN @
H T A N R BRAE AN VR N B 5 AB Tk
EN B QEZEERUEN BC MR ©FA
IS R L IR S 71 CD BB B @



1065

FIilE, S AN RBUA R R R T B A G B T i

N S JUEAE DA S B 1 DE AR B BFRAR LT
B EF MrB. 14h, i DE SR LA
HEWT AR FE AR I A2 b I i — N ) TR 7 R
BN E E B 7 R FR R R
BEHEAFE, X —IG T TR S =2 T LA
R A LG P AR, (R ARIR PR 227Kk
71, Bk, dngeiE i K SCh ok B AR 2R AR T, T
A AT e A AR N I AERFAE — AN B K, AT Tk 4 K]
AT RR2 I J T T U A AR ) U R B LS R i
AR ERENE

400 I

350 - c

300
250 -
200 -
150 |

R4t 1) 4 AR N

100
50 RE
| F
1 1 LI | 1
00 02 04 0.6 08 1.0 1.2

AT 10 (S fmm
12 BRRERErE - (IHthk
Fig. 12 Curves of axial displacements and loads during tests
B 13 D UEAE B ) BT 5 AR A TR AR 1) 2 e AR
UEEAE DA A R I R ) 2888 . IR HARMER g
{EL A PR FLIR & FELA A 2 15 M IR, (R] DU tH 72 AL
IR P e A P B LR BT R PR R R R IR R

(8) $#0.7 mm (b) S»1.2 mm
E 13 I ERNRERFLAHERREREE
Fig. 13 Pictures of rock specimen before and after peak load
(2) EA R BRI R &AL
FERLRE BN A TS 6 BB (Bl 12
ET kTR ) A R T AR BT M AR I WA 14 JR .

14 16

B 14 AT, fERR R, SO S e
LI B ], ARG 2 B S fLTR 2 i) Ak, SEEG 4
W], 1R 12 FoR i 20 L AR AR AR T AL T TR 5% K
BAPERY B, (HJRERIX AR, e FLIR BRI O 4 B
KT, Fepl BT (S=0.7 mm), H
FLIA B = AR ORI BT AR, m] DAHEIRT HH i 4%
=, T B EE e LI B AT LI <2 18] 1 R4 R L e I
REEW M. BRI AL, RN (s kb, Ak
AL e 3 HH B SR A AR B AN PR gk sl g, (HRIE
o T SRR A (S=0.8 mm), JL &I
ARG LI IR A TUE, R EAE T S A AR I £ A
AT E R R T P A DA PRUT HE B i A K
(B RAR, (H Ak P F 7 Bl DRI T o5 0 3 B R A
FERET R A IR BE (5=0.9 mm) T AN & AR Bl )5

(3) F A R AR A A5

N T B I R B A3 M R R AL WA T S L
FARAUAFAE,  [FIA  B 3RAS F LI J BB A% 5 2 A P 5
RRATAEZ XK AR, W 15 PR, EA R
PR F LR A ] % SRR B I ade B LA s e ibil) B I 5 A2 A%
Sl A28 2 1Rl 95 R 2R i Pl 16~18 fiTum «
P 16~18 W] 1, 5% o5 (7K P L RS AR [ (T RS 1 B U
M CARTHEAARR (BR™2 siah), 1d Wb B ) Y 1
o AE R B RS B B3R BN AR IS S AR T (RS AE o T
EEELE, RIERENEAESE, REXEHLE
BAEAFTARE, FEal S5~ fikif12. "13 #eik
1B DUG BT R B B B i 7 A A5 AT 2 3 s iR L
DI, DRI A% B 5 B A K

BeAh, R AR RS A B T it 15 7 7% A8 Ak i
R SFH AT DR N A R e v s ek, O
R, HEE AR AR S T B AL RS 8 R (AR L R AR
(I IE) S 5 58 R IR AT iE 2 . T AN SEIG 45 ] LU
R 5 LR R L B T R R A N WA A
MHE (S=0.7 mm) KATAR, iHFLIAEEL AR FIE
PR PR R R B I B — 8. 24488, SEBR A2
o, TREERL RS BB AL 5 5 A P R AR AN S — X — R ]
IR R, HAHZC IR AT LAfE B DSCM AT IR AT,



%6 1 FIeHE, S5 B AhARUE R R T RO A % BT i 1
o 10 1o
100 100 - 100
90 - 90 - 90 -
80 - 80 - 80 -
70+ 0= 70
60 60 60|
50 |- so- 50|
40 40 - 40
30+ 30 30
20 20 - 20
10 10k 10}
(5 <y i T

0 1 | R (RN N U NN N N S s 1t 1 N 0 !
0 10 20 30 40 50 60 70 80 90 100110 O o e R0 90 100110 O 10 20 30 40 S0 60 70 80 90 100110

[ SRS TR ] U e R .
0.08 0.19 030 0.08 0.19 - 0.30 0.08 0.19 0.30
(a) §=0.3 mm (b) §=0.6 mm (¢) S=0.7 mm
110 110 1or
100 - 100 — 100 -
90 |- 90 - 90 -
80 80 - 80 -
70+ 70 - 0
60 - 60 - 60 -
50 50 - 30 |-
40 a0+~ 40
30 30 - 30
20+ 20 - 201
10t 10- 1w _
0 WU RSN SRS TS THNIS TR Om—T——1 J 0 S IR L1 L1 \ | 0 L L 1 L | ! L) e |
0 10 20 30 40 50 60 70 80 90 100110 o 10 20 30 40 S0 60 70 80 90 100 110 0 10 20 30 40 50 60 70 KO 90 100110
[ A [ S mmmnm e S ——————
0.08 0.19 0.30 0.08 0.19 0.30 0.08 0.19 0.30
(d) $=0.8 mm (e) §=0.9 mm (N §=1.2 mm
14 EARARKHKE
Fig. 14 Maximum shear strain fields on rock surface
BT T r] i E R B R A 72 5 2 R S AR AL :‘: -
Y ~ > N 3. l’2
IR RGN, B — P 4 P50 1) S5 H4 Al 2L Bl o C30F ip
P m B S5 > > 2 i 25 4
LA IO T J ik, AT 9 TR A T 5 2 R 5 2B 3
a3 2
= 1.5
5 1.0
*® s
0.0
-05
_l‘o 1 1 1 1 1 1 1 1 J
00 02 04 06 08 1.0 12 14 16 18
EAF4R S FE S/ mm
() AT
20r
18- |
1.6F
£ 14f
é 124
0 1 1 1 1 1 1 i : 1 ] J "3- (l)'g:
0 10 20 30 40 50 60 70 S0 9O 100110 Sy
o6
w . N e — 04+
15 BRI SEERENERER i
H H'S H A L A 1 I} 1 | J
Fig. 15 Position of selected points 050 02 0.4 06 08 1.0 1.2 1.4 16 1.8
HARFENE S mm
(b) EEE

16 ZFLM S AL - e X &
Fig. 16 Curves of point displacement on left hole-wall and axial



061

Fig. 17 Curves of point displacement on right hole-wall and axial

Fig. 18 Curves of point displacement near broken zone and axial
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